@

Oncogene (2000) 19, 3078-3085
© 2000 Macmillan Publishers Ltd Al rights reserved 0950-9232/00 $15.00

www.nature.com/onc

Paclitaxel selects for mutant or pseudo-null pS3 in drug resistance
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The efficacy of anticancer therapy is limited by the
development of drug resistance. While the role of pS3 in
the intrinsic sensitivity of human cancer cells to
paclitaxel (PTX) remains controversial, its role in
acquired paclitaxel resistance has never been addressed.
In this study we examined the p53 status of three
paclitaxel selected human ovarian carcinoma sublines,
resistant to paclitaxel due to acquired pf-tubulin
mutations which impair paclitaxel’s interaction with
tubulin. In contrast to parental cells which have wt
p53, in all PTX-resistant sublines pS3 was functionally
inactive. Two of the resistant sublines expressed high
levels of transcriptionally inactive p53 protein, each with
a distinct point mutation in codons 236 and 239 of the
DNA binding domain. The third subline presented a
novel p53 pseudo-null phenotype as a result of markedly
decreased wt p53 mRNA expression. Introduction of
ectopic wt pS3 had no effect on PTX sensitivity in both
parental and resistant cells, while it induced p21WAF/<*1,
demonstrating an intact p53 pathway. While PTX
resistance is primarily conferred by the tubulin muta-
tions, the loss of functional p53 observed in all clones,
suggests that this loss may facilitate the development of
resistance potentially by providing a clonal advantage
which promotes the isolation of paclitaxel resistant cells.
Oncogene (2000) 19, 3078 —3085.
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Introduction

The p53 tumor suppressor protein is involved in
cellular response to DNA damage (Levine, 1997).
Accumulation of wild-type (wt) p53 following DNA
damage (Kastan et al., 1991) results in induction of
p21WVARICIPL (e]-Deiry et al., 1993) and Bax (Miyashita
and Reed, 1995) leading to growth arrest or apoptosis
(Lowe et al., 1994). Mutations in p53, are the most
common genetic abnormalities in human cancer (Nigro
et al., 1989). Since p53 is also implicated in the mitotic
checkpoint (Cross et al., 1995; Fukasawa et al., 1996),
one can expect that loss of p53 function may affect the
sensitivity to paclitaxel, a microtubule active drug.
However, conflicting results have been reported
regarding the role of p53 as a determinant of cell
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sensitivity to paclitaxel (Dumontet and Sikic, 1999).
Although loss of p53 function increased the sensitivity
of normal murine fibroblasts and some cancer cells to
paclitaxel (Wahl et al., 1996; Zhang et al., 1998), p53
has no role in the intrinsic sensitivity of many human
cancer cells (Debernardis et al., 1997; Fan et al., 1998;
Weinstein et al., 1997; Gan et al., 1996; Vasey et al.,
1996). Similarly, a lack of -correlation between
sensitivity to paclitaxel and p53 status was found in
the 60 cell lines of the NCI anticancer drug screen
(O’Connor et al., 1997). While these studies address the
role of p53 on a cell’s intrinsic sensitivity to paclitaxel,
the role of p53 on acquired paclitaxel resistance
remains unexplored. Acquired resistance develops in
cells previously exposed to a cytotoxic drug. This type
of resistance is a frequent clinical problem, which limits
the effectiveness of therapy. It is this type of resistance
that is addressed herein.

In the present study we describe PTX resistant
human ovarian carcinoma sublines, which harbor f-
tubulin mutations (Giannakakou et al., 1997); in two
sublines, mutant p53 proteins were identified, while in
the third, p53 protein was undetectable/uninducible as
a result of marked downregulation of p53 mRNA —
effectively a non-functional wt p53. Although infection
with an adenovirus expressing wt p53 did not alter
paclitaxel sensitivity, the loss of p53 function in all
resistant clones suggests that a nonfunctional p53 is
advantageous in the development of paclitaxel resis-
tance.

Results

1 A9 paclitaxel resistant clones have nonfunctional mutant
p33

Wt p53 protein has a rapid turnover and is expressed
at low levels in most cells and tissues. DNA damage
causes rapid accumulation of p53 protein leading to
transcriptional activation of target genes, such as
p21Warverrt (Blagosklonny, 1997; Levine, 1997). To
evaluate p53 function in parental 1A9 cells and the
PTX-resistant clones, cells were treated with the DNA
damaging agents Mitomycin C or Adriamycin (Figure
1). The two PTX-resistant clones designated PTX10
and PTX22 were maintained in 15 ng/ml paclitaxel, but
were cultured in drug-free medium for 5—7 days prior
to these experiments. Parental 1A9 cells had low basal
levels of both p53 and p21. In parental cells treatment
with either Mitomycin C or Adriamycin, increased the
levels of both p53 and its transcriptional target, p21,



demonstrating that p53 was functional. Paclitaxel
treatment resulted in a small increase in p53 levels
compared to untreated parental cells. When similar
studies were performed with the PTX-resistant clones,
PTX10 and PTX22, high basal levels of p53 unrespon-
sive to Adriamycin or Mitomycin C were observed. In
these cells p53 was transcriptionally inactive as
demonstrated by the lack of p21 induction (Figure 1).
These results suggested that p53 in 1A9 parental cells
was wt, but in the PTX-resistant clones had acquired
mutations. To investigate this, sequencing of p53 from
all cell lines was performed. In agreement with the
results presented in Figure 1, sequence analysis
revealed wt p53 in parental cells, with ‘hot spot’
mutations at the DNA binding domain of p53, in the
PTX10 and PTX22-resistant clones (Table 1). The p53
mutation in clone PTX10 (236: Tyr—Cys) has been
described as a dominant negative mutation (Brach-
mann et al., 1996) a different mutation was found in
clone PTX22 (239: Asn—Asp). The substitution in
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codon 239 was present as a single peak in the sequence
analysis indicating expression of wt mRNA could not
be detected; while the substitution in codon 236 was
present as two overlapping peaks indicating expression
of both wt and mutant mRNA (not shown). This
finding is consistent with a dominant-negative pheno-
type for the 236 substitution (Brachmann et al., 1996).

To assess the role of p53 in paclitaxel resistance, we
investigated the effects of exogenous wt p53 on
parental and PTX-resistant cells. As shown in Figure
2, p21 was undetectable by immunohistochemical
staining, in untreated parental and PTX-resistant cells
(Figure 2a,d). In agreement with the immunoblot
results in Figure 1, following Adriamycin treatment,
p21 expression was easily detected in parental cells but
not in the PTX-resistant PTX22 cells (Figure 2b vs ¢).
In contrast, infection with an adenovirus expressing wt
p53 (Adp-53) induced p21 in both paclitaxel-sensitive
and paclitaxel-resistant cells (Figure 2c.f), demonstrat-
ing that the lack of p21 induction in PTX22 cells after
Adriamycin was a result of a nonfunctional p53; and
that function could be restored by expressing exogen-
ous wt p53.

p53 S Table 1 Mutation analysis of 1A9 PTX-resistant clones
p21 | m— p-tubulin Codon p53 Codon
Cell line (codon) change (codon) change
Figure 1 Characterization of p53 status in 1A9 paclitaxel
resistant cells. 1A9 parental, PTX10, and PTX22 cells were PIX 10 270 ng _)ng 236 (+/-) T_?C_)EG():
treated with 10 mg/ml Mitomycin C (MITC), 400 ng/ml (Phe—Va (Tyr—Cys
Adriamycin (ADR) or 1000 ng/ml paclitaxel (PTX) for 16 h PTX 15 wt wt wt wt
: . : PTX 22 364 GCA—-ACA 239 AAC—-GAC
After lysis, p53 and p2l levels were detected by immunoblot as (Ala—Thr) (Asn—Asp)
described in Materials and methods = d S2AP
1A9 Parental PTX22
A D P&
Control
B E
+ Adriamycin
C F
+Ad-p53 MOI

Figure 2 Induction of p21 by exogenous p53 in paclitaxel resistant cells. Immunohistochemical staining of 1A9 parental (a—c) and
PTX 22 cells (d—f) with an antibody against human p21WAFVCIP! (. d): untreated control cells; (b,e): cells treated with 400 ng/ml
Adriamycin for 24 h; and (c,f): cells infected with 20 MOI Ad-p53 for 24 h
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Restoration of wt p53 did not increase the sensitivity to
paclitaxel

To investigate the effect of exogenous wt p53 on
paclitaxel sensitivity, 1A9 parental and PTX-resistant
PTX10 and PTX22 cells were infected with Ad-p53.
At high doses (MOI of 25 or greater), we observed
that exogenous wt p53 caused greater growth
inhibition of the resistant clones compared to parental
1A9 cells (Figure 3a). Thus, to avoid the confounding
variable of changes in growth rate, which would
impact sensitivity to paclitaxel, cells were infected with
3 and 10 MOI of Ad-p53. At these doses, despite
evidence of adequate infection as demonstrated by
induction of p2l1 (Figure 3b), neither parental nor
resistant cells were sensitized to paclitaxel (Figure 3c).
These results suggest that the selective survival
advantage conferred by the loss of wt p53 was not a
direct result of tolerance to paclitaxel cytotoxicity, but
was likely mediated via another mechanism. It should
be noted that infection with Ad-p53 did not further
sensitize parental cells either.

Downregulation of p53 mRNA expression as another
mechanism of loss of p53 function

To further investigate the loss of p53 function during
the development of paclitaxel resistance we examined
the p53 status of a third PTX-resistant clone
designated, PTX15, which was an ecarly isolate in
the selection process and was maintained in 5 ng/ml
paclitaxel. P53 and p21 proteins were undetectable in
untreated PTXI15 cells as well as after Adriamycin
treatment (Figure 4a). Transfection with PG13-Luc, a
p53-dependent plasmid, demonstrated high PG13-Luc
expression in wt-p53 containing 1A9 cells, but not in
either PTX22 or PTXI15 cells (Figure 4b). The
absence of p53 protein and p53 activity in PTX15
cells was consistent with p53-null status, which occurs
when p53 is deleted or possesses a nonsense
mutation. RT-PCR amplification of RNA from
parental 1A9 cells and the three paclitaxel resistant
clones using primers spanning exons 5-9 of p53,
failed to identify a product in clone PTX15 (Figure
4c, upper panel), in agreement with the lack of p53
protein and compatible with a p53-null status.
However, PCR amplification using DNA from
PTX15 cells and primers spanning exons 6 and 7,
resulted in a product (Figure 4c, lower panel) arguing
against a deletion. Because some primer pairs per-
form better in PCR reactions and smaller fragments
are ecasier to amplify, other primer pairs spanning
smaller segments were used. These primers identified
a product, using PTX15 mRNA, albeit at much
lower levels (Figure 5). Note the differences in the
amounts of input RNA in the PCR reactions (Figure
5). The resulting PCR products from PTX15 mRNA
were shown to be wt in sequence (Table 1).
Quantitative PCR showed that p53 mRNA levels in
clone PTX15 were 150-fold less than parental 1A9
cells and 25-35-fold less than PTX10 and PTX22
cells, respectively, that had a mutant p53 (Figure 5).
To investigate the mechanism responsible for the
marked downregulation of p53 in PTX15 cells, FISH
analysis using a p53 specific probe was performed in
all cell lines. Like parental 1A9 cells, PTX10 and
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PTX22 clones contained two cytogenetically normal
chromosomes 17, each with one copy of p53, located
at chromosome band 17pl13 (Figure 6). For PTXI10
this was expected since sequence analysis revealed
expression of both wt and mutant p53 sequences.
However, surprisingly, PTX22 cells which expressed
only the mutant p53 allele at the RNA level, also
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Figure 3 Expression of exogenous wt p53 does not alter
sensitivity to paclitaxel in 1A9 and 1A9PTX cells. 1A9 parental,
PTX10, and PTX22 cells were plated in 96 well plates and
infected with increasing titers of Ad-p53, from 3-50 MOI, or
with 50 MOI of Ad-LacZ. (a) Bar graph representation of the per
cent growth of all three cell lines, 3 days post infection with p53
adenovirus shows growth inhibition in cells infected with 25 or 50
MOIL. For each cell line, non-infected control cells were assigned a
value of 100%. (b) Immunoblot demonstrating p21 expression in
cells infected with 3 or 10 MOI Ad-p53. (¢) Paclitaxel was added
to 1A9, PTX10 and PTX22 cells 1 h post-infection with 3 or 10
MOI of Ad-p53 or 10 MOI of Ad-LacZ. The surviving fraction
was determined 3 days later as described in Materials and
methods
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Figure 4

1A9PTXI1S5 cells have undetectable pS3 protein or mRNA levels. (a) Immunoblot analysis of p53 in untreated (CTRL)

cells or cells treated with 400 ng/ml Adriamycin (ADR) for 16 h, is shown for 1A9, PTX10, PTX15 and PTX22 cell lines. The same
blot reprobed with actin is shown below the p53 immunoblot for comparison. (b) Wild-type p53 functional activity in 1A9, PTX22
and PTX15 cells. PG13-luciferase activity was normalized to activity obtained with PGL2-control plasmid. (¢) PCR amplification of
pS53in 1A9, PTX10, PTX15 and PTX22 cells. Using RNA as a template and primers spanning exons 5—9 (upper panel) no product
was observed in PTXI15 cells. However, with DNA as a template and primers spanning exons 6—7 (lower panel), a product was

detected in PTX15 cells

had two copies of p53 suggesting that the wt allele
was silenced. The presence of a wt and mutant allele
was confirmed by p53 sequencing using PTX22 DNA
as a template. This revealed two overlapping peaks
indicating that both wt and mutant alleles were
present at the DNA level, even though only the
mutant allele is expressed at the RNA level. PTXI15
cells had one cytogenetically normal chromosome 17
with p53 and one translocation, t(17;?)(q10;?): this
translocation contained the 17q arm but the 17p arm
was deleted and there was no p53; the cell line
PTX15, therefore, had only one copy of the p53 gene
(Figure 6, arrow points to the chromosome 17p
deletion). As demonstrated by the quantitative PCR
results the expression of the remaining wt p53 allele
is 150-fold downregulated in PTX15 compared to
parental cells.

Taken together these results suggest that during the
development of paclitaxel resistance, p53 became
nonfunctional either as a result of mutation or marked
downregulation of mRNA levels.

Discussion

Paclitaxel is effective against a wide variety of solid
tumors, however, development of acquired drug
resistance following chemotherapy occurs frequently
in patients. A recently identified mechanism of PTX
resistance is acquired point mutations in tubulin
resulting in abrogation of tubulin/paclitaxel interac-
tions (Giannakakou et al., 1997). Moreover, in a recent
study of patients with non-small-cell lung cancer, the
presence of f-tubulin mutations was negatively corre-
lated with the response to paclitaxel (Monzo, et al.,
1999). However, the p53 status was not evaluated in
these patients, and we hope the present study will
stimulate such clinical investigation. In this study we
used PTX-resistant human ovarian carcinoma clones
previously shown to harbor f-tubulin mutations
(Giannakakou et al., 1997) as a model to investigate
the role of p53 in the development of resistance. While
DNA damaging anticancer agents are mutagenic,
agents such as paclitaxel are not thought to cause
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Figure 5 Downregulation of p53 mRNA as a mechanism of pseudonull status in 1A9PTXI15 cells. (a) Quantitative RT—-PCR
amplification of a shorter fragment of p53 coding sequence, using primers spanning exons 6—8, and f2-microglobulin ($2-M) was
performed in parental and PTX-resistant cells as described in Materials and methods. (b) Bar graph representation of the results
displayed in (a). P53 expression levels are normalized to f2-microglobulin levels in each cell line. P53 expression levels in the 1A9
parental cells are arbitrarily assigned a value of 100. Relative to the 1A9 parental levels, the values of p53 expression levels for the
PTX-resistant cell lines are: PTX10: 17; PTX15: 0.67, and PTX22: 25

point mutations, and it would be wunlikely that
paclitaxel would be directly responsible for point
mutations. However, we demonstrate that all selected
PTX-resistant cell lines exhibited non-functional p53 as
a result of either acquired mutations or marked
downregulation of mRNA expression.

Although the lack of PTX interaction with tubulin is
the predominant cause of PTX resistance in the PTX10
and PTX22 ovarian cancer sublines, we could not
exclude that a non functional p53 also contributed to
the resistant phenotype. However, expression of wt p53
did not increase paclitaxel sensitivity in parental cells
nor did it overcome the acquired PTX resistance that
developed in the three resistant clones. While these
results agree with previous observations in A2780
human ovarian carcinoma cells transfected with a
dominant negative mutant p53 which acquired resis-
tance to DNA damaging drugs but not paclitaxel
(Vasey et al., 1996), we nevertheless had to reconcile
the apparently contradictory observations that: (i) the
cell lines isolated with paclitaxel all possess a non-
functional p53; but (ii) restoration of a wild-type p53
status did not overcome the acquired paclitaxel
resistance.

Conventional thinking about the selection of drug
resistant sublines dictates that a change found after
drug selection likely directly contributes to the drug
resistance phenotype. However, in the present study,
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restoration of wild-type p53 did not restore the
sensitivity. But why would all the resistant cells posses
a mutant or nonfunctional p53? Neither long-term
cultivation of parental cells nor clonal selection in the
absence of paclitaxel (1A9 is a single cell clone of
A2780 cells) changed wt p53 status, indicating that wt
p53 status is preferable for parental cells.

Since paclitaxel by itself can not be responsible for
the point mutations observed in the tubulin or in the
p53, it is likely that paclitaxel selected cells with pre-
existing p53 mutations. The selection is likely to have
occurred because the process of isolation of mutant
cells we used is a ‘clonal selection’ and it has been
clearly demonstrated in the literature that cells with
mutant p53 have greater cloning efficiency as evidenced
by the formation of more tumors with shorter latency
period, increasing clonogenicity and enhanced meta-
static potential (Lowe et al., 1994; Hsiao et al,
1994a,b). Furthermore, once isolated, cells possessing
a non-functional p53 likely had an additional advan-
tage: the increased genomic instability seen in cells with
mutant p53 (Hartwell, 1992; Havre et al., 1995; Liu et
al., 1996) would likely accelerate acquisition of
additional mutations. For example in our models, the
two cell lines with acquired p53 mutations (PTX10 and
PTX22) also acquired f-tubulin mutations (Giannaka-
kou et al., 1997). In addition, sclection of 1A9 cells
with Epothilone A, an antitubulin natural product with
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Figure 6 Fish analysis for p53 in 1A9, PTX10, PTX15 and
PTX22 cells. Fish analysis was performed in parental 1A9 cells
and the three selected PTX-resistant clones. A whole chromosome
paint kit was used for chromosome 17 (WCP 17, green), and a
locus specific probe p53 (red). DNA was counterstained with
DAPI (blue). Arrow points to the chromosome 17p deletion in
1A9/PTXI15 cells

a mechanism of action similar to PTX, yielded
Epothilone-resistant clones that also had acquired
p53 (not shown) and f-tubulin mutations (Giannaka-
kou et al., 2000).

The PTXI15 clone presented a novel mechanism
which resulted in a p53 pseudo-null status. Sequence
analysis demonstrated p53 to be wt in this cell line, but
mRNA and protein levels were markedly reduced,
effectively achieving the same effect as the p53
mutations — a non-functional status. By FISH analy-
sis, PTX15 cells were shown to have a deletion at
chromosome 17p that normally carries p53. This
finding is consistent with the increased genomic
instability observed in most cancers which results in
losses and gains of whole chromosomes or large
portions thereof (Lengauer et al., 1998). However, this
can not fully explain the 150-fold downregulation of
p53 mRNA expression. Instead it is clear that the
downregulation is a result of reduced expression of the
remaining allele. The hypothesis that the reduced
expression is an acquired phenotype is supported by
the results in PTX10 cells in which both the wt and
mutant alleles are expressed at comparable levels,
indicating that both alleles were transcribed in the
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parental cells from which the resistant sublines were
derived. The frequency with which this downregulation
may occur remains to be determined, although we
recently described a similar observation in an anaplas-
tic thyroid cancer cell line (Blagosklonny et al., 1998).
In addition, similar downregulation appears to have
occurred independently in the PTX22 clone which
appears at the RNA level to be homozygous for
mutant p53, but is in fact, heterozygous since: (a)
FISH analysis revealed two normal chromosomes 17
carrying one copy of p53 in each and (b) DNA
sequencing revealed the presence of both wt and
mutant p53 at the DNA level. Silencing of p53 may
predispose such clones to accumulate tubulin muta-
tions. However, proving this will require measurements
of the rate of acquired mutations in cells, which start
out with mutated or p53-null status versus wild-type
p53 cells. Detailed studies support the hypothesis that
loss of p53 function leads to genetic instability allowing
cells to accumulate mutations in many genes (Lengauer
et al., 1998; Cahill et al., 1999). An alternate but non-
mutually exclusive explanation would be that a mutant
or p53-null status could provide a clonal advantage at
particular stages of drug selection. One could also
envision reduced p53 levels as an intermediate step
which establishes a ‘mutation permissive’ p53 pseudo-
null state, and this in turn leads to a ‘fixed phenotype’
with an acquired p53 mutation. Once the p53 mutation
is acquired, cells do not need to control p53 expression,
which can increase again.

In summary, the present study demonstrates that
paclitaxel selects cells that harbor p53 mutations or are
‘functionally’ p53 mutant. The latter was achieved by a
novel mechanism of reduced p53 mRNA expression. In
the initial selection the cells with non-functional p53
likely had a clonal advantage. Beyond this, since loss
of p53 function leads to genomic instability (Hartwell,
1992), cells with a downregulated wt p53 may have had
much better chance of acquiring mutations that would
confer resistance to the selecting agent. Acquisition of
mutations in tubulin, made this process irreversible;
thus the restoration of wt p53 did not return cells to
more sensitive state.

Materials and methods

Cell lines and culture conditions

The 1A9 cell line is a clone of the human ovarian carcinoma
cell line, A2780. The three PTX resistant sublines, PTXI10,
PTX15 and PTX22, were initially isolated as individual
clones in a single step selection, by exposing 1A9 cells to
S ng/ml PTX in the presence of 5 ug/ml verapamil, a Pgp
antagonist. The three cell lines exhibit a non-MDRI1 resistant
phenotype and impaired PTX interaction with tubulin. After
an initial expansion in 5 ng/ml PTX, PTX in the media was
gradually increased to 15 ng/ml for clones PTX10 and
PTX22; while clone PTX15 is an early isolate maintained in
5 ng/ml PTX. The cells grow in RPMI medium containing
10% FBS and were maintained in 15 or 5 ng/ml PTX and
5 pg/ml verapamil continuously. Drug was removed for 5—7
days prior to an experiment.

Immunochemistry

Immunochemistry was performed as previously described
(Blagosklonny and el-Deiry, 1996). Nuclear staining was
developed with the chromogen DAB (Sigma).
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Immunoblot analysis

Twenty hours following infection of tumor cells or drug
treatment, total cellular proteins were harvested and im-
munoblotted for p21WAFICIPL and p53, as previously described
(Blagosklonny and el-Deiry, 1996).

Adenovirus infections

The replication deficient adenoviruses Ad-LacZ (f-galactosi-
dase expressing) and Ad-p53 (wt p53-expressing) were
generous gifts from Dr B Vogelstein. Titers were determined
by plaque formation following infection of UP293 cells. The
multiplicity of infection (MOI) was defined as the ratio of
plaque forming units (PFU) divided by the number of cells.
X-Galactosidase staining of Ad-LacZ infected cells was
performed 1 day following infection as previously described
(Blagosklonny and el-Deiry, 1996).

Cytotoxicity assay

Cytotoxicity assays were performed in 96-well plates using
the Sulforhodamine B as previously described (Skehan er al.,
1990). One thousand cells were seeded in each well in 100 ul
of growth media. Twenty four hours later, adenovirus
infection was performed by adding 50 ul of medium contain-
ing a defined amount of Ad-p53 or Ad-LacZ. Cytotoxic
agents were added in 50 ul of medium 1 h after adenovirus
infections, and cells were incubated for an additional 3 days.
Untreated control cells were assigned a value of 100%, and
the ICsy was defined as the dose of drug required to inhibit
cell growth by 50%.

Luciferase assay

The p53-dependent PG-13-luciferase construct was obtained
from Dr B Vogelstein. The PGL2 control plasmid driven by
SV40 promoter and enhancer sequences, was purchased from
Promega Corp. (Madison, WI, USA). One ug of either
plasmid was transfected into 1A9, PTX15 and PTX22 cells
using lipofectamine according to the manufacturer’s instruc-
tions (Life Technologies, Inc.). Luciferase activity was
measured in cell extracts 16 h after transfection using
luciferase assay reagent (Promega). PG13-luciferase activity
was normalized to the activity obtained with PGL2-control
plasmid in each cell line tested.
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Fluorescent in situ hybridization

Chromosome preparations of the cell lines 1A9, PTXI0,
PTX22, PTX15 were prepared according to previously
described cytogenetics techniques. FISH was performed using
direct labeled probes (Vysis, Downers Grove, IL, USA): a
whole chromosome paint (WCP 17, Spectrum Green) kit for
chromosome 17 (Cat. # 32-122017), and a locus specific
probe for p53 (LSI p53 Spectrum Orange, cat. # 32-190008).
All hybridizations were done overnight and all slides
counterstained with 4',6-diamidino-2-phenylindole (DAPI).
The preparations were observed and analysed on a Leica
DMRXA microscope equipped with Leica FISH image
analysis system.

PCR amplification and sequence analysis of p53

Quantitative RT—PCR amplification and sequence analysis
of p53 using RNA from 1A9 parental cells and the clones
PTX10 and PTX22 were performed as previously described
(Blagosklonny et al., 1998). Using RNA from PTXI15 cells, a
PCR product was not obtained, using primers previously
described even after 45 cycles of amplification. Therefore, for
PTX15 RNA, quantitative RT—PCR and sequencing were
performed using primers that gave smaller PCR products,
allowing amplification and sequencing of p53 as previously
described (Murphy et al., 1990). The following primer pairs
were used: a. 5 UTR-Exon 5: 5:"*GACACGGTTCCCTG-
GATTG*;, 3:'CTGTGACTGCTTGTAGATGG*?, b.
Exon 4-Exon 10: 53¥TTCTTGCATTCTGGGACAGCC*;
3":1043GCCTCATTCAGCTCTCGGAAC'??, ¢. Exon 9-3'
UTR: 5*"CTCTCCCCAGCCAAAGAAG®?; 3:"GAAT-
TCAACAGTGAGGGACA" d. Exon 6-Exon 7: 5°°CC-
TCCTCAGCATCTTATCC™®S; 3.""TTGTAGTGGATGGT-
GGTACAG®**, when DNA is used for the amplification and
e. Exon 6-Exon 8: 57YCCTCCTCAGCATCTTATCC,
3" 32TTCCGTCCCAGTAGATTACC™ for the quantitative
RT-PCR.
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